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A process for producing a bis-(indolyl)ethylene of the 
formula 

N. R. R.' 

is described, wherein A, B, a, b, R, Z, R5, R6 and R6 are 
as defined in the specification, said method comprising 
reacting an indole of the formula 

N R6 

Aa is 
with an acylindole of the formula 

R4-b CH22. 

in the presence of a Vilsmeier reagent selected from the 
group consisting of phosphoryl chloride, phosgene, 
oxalyl chloride, benzoyl chloride, thionyl chloride, 
alkanesulfonyl chloride, arene-sulfonyl chloride, alkyl 
choroformate, and arylchloroformate, together with a 
Lewis Acid selected from the group consisting of zinc 
chloride, boron trifluoride and aluminum chloride. 

6. Claims, 2 Drawing Sheets 
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PROCESS FORBIS(INDOLYL)ETHYLENE 
SYNTHESIS 

This application is a continuation-in-part of Ser. No. 
320,642 filed Mar. 8, 1989, now U.S. Pat. No. 4,996,328. 

FIELD OF INVENTION 

1. Background of Invention 
This invention relates to bis-(indolyl)ethylenes, par 

ticularly methods for their production. The color-form 
ers or chromogenic compounds are substantially color 
less or light-colored but form more pronounced colors 
when reacted with an electron accepting material. 

2. Description of Related Art 
Several divinyl phthalide chromogenic compounds 

(C1) (C) L,L2=substituted phenyl) (read as com 
pound C1 arrived at by referring to formula C wherein 
L and L2 are as stated) have been prepared by the 
condensation of ethylenes (A1)(A) L,L2=substituted 
phenyl with phthalic anhydrides (B1)(B) Each Halo 
gen is independently Cl or Br in acetic anhydride 
(Sheldon Farber, U.S. Pat. Nos. 4,020,056, 4,022,771, 
4,107,428, 4,119,776) 
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L2 
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Substituted ethylenes (A1) or their precursors (D1) 
(D) L,L2=substituted phenyl) were prepared by the 
reaction of methylmagnesium bromide (also known as 
methyl Grignard reagent) with ketones (E1) (E) 
L,L2=substituted phenyl). The use of a Grignard reac 
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tion to prepare A1) imposes severe restrictions on the 
scaleup synthesis of (A1) and consequently on the man 
ufacture of divinyl phthalides (C1). 

In another synthetic approach, the alcohol (D1) was 
obtained by reacting the ethane (F1) (F) L,L2 =substi 
tuted phenyl) with lead peroxide in either nitric acid or 
formic acid; and the substituted ethylene (A) was ob 
tained from (D1) by dehydration Yamada Kagaku, 
Japan Kokai 1988-8360, filed Jun. 30, 1986). 
When indole was heated with acetic anhydride con 

taining 10% acetic acid a bis-(indolyl)ethylene (A2) 
(A) L,L2= 1-acetylindole-3-yl) apparently was ob 
tained as a by-product in 5-10% yield (J. E. Saxton, J. 
Chem. Soc., 3592 (1952). 

Substituted (2- and 1,2-) indoles when reacted with 
acetyl cyanide in the presence of hydrogen chloride 
yielded 1-cyano-1,1-di(indole 3-yl)ethanes (G) and ap 
parently some of these products may be converted to 
bis-(indolyl)ethylenes (H) by heating them under vac 
uum either alone or with soda lime. In some cases, de 
pendent on certain select substituents M and W, (G) 
may yield some (H) type compounds on refluxing with 
aqueous-ethanolic 10% potassium hydroxide A. K. 
Kiang and F. G. Mann, J. Chem., Soc., 594 (1953)). 

CN (G) 

w w 
M M 

(H) 

N w w 
M M 

M = H, Ph 
W = Me, Ph 

Bis-(indolyl)ethylene (H1) (H) M=H and W=Me) 
was speculated to be a product (m.p. 203 C.) from the 
reaction of 2-methylindole with ethyl acetate and so 
dium ethoxide. No other data were given to substantiate 
the structure A. Angeli and G. Marchetti, Atti. Accad. 
Lincei, 16 (II), 179 (1907). 

In another report (W. Borsche and H. Groth, An 
malen, 549, 238 (1941), 2-methylindole when boiled 
with acetylchloride formed a product that on treatment 
with alkali gave a pseudobase, (C20H18N2, pale rose, 
m.p. 208 C.). The pseudobase was suggested to be 
1-(2-methylindole-3-yl)-1-(2-methyl-3-indolidene)e- 
thane (H2). Again, insufficient data precludes the sub 
stantiation of this structure. Furthermore, similar struc 
ture was proposed for the pseudobase obtained by sub 
stituting 2-phenylindole for 2-methylindole. 

(H2)   
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U.S Pat. Nos. 4,897,494 and 4,931,567 disclose several ylamino, alkylcycloalkylamino, arylcycloalk 
symmetrical bis-(indolyl)ethylene compounds. Unsym- ylamino, pyrrolidino, piperidino, or morpholino 
metrical types of bis-(indolyl)ethylenes are not taught 
or suggested. 
BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1, comprised of FIGS. 1a, 1b, and 1c, is a gas 

chromatograph instrument printout of the reaction mix 
ture of an indole with an acylindole in the presence of 
the Vilsmeier reagent, phosphoryl chloride. 
FIG. 2, comprised of FIGS. 2a, 2b, and 2c, is a gas 

chromatograph printout of the product of reaction mix 
ture of an indole with an acylindole in the presence of 
the Vilsmeier reagent, phosphoryl chloride and the 
Lewis Acid, zinc chloride. Note magnitude of bis in 
dolylethylene-attributed peak in FIG.2c as compared 
to FIG. c. 

DETAILED DESCRIPTION OF THE 
INVENTION 

This invention teaches an improved process for pro 
ducing bis(indolyl)ethylenes. The process comprises 
reacting an indole of the formula 

with an acylindole of the formula 

in the presence of a Vilsmeier reagent such as phos 
phoryl chloride, phosgene, oxalyl chloride, benzoyl 
chloride, thionylchloride, alkanesulfonyl chloride, 
arenesulfonyl chloride, alkyl chloroformate or aryl 
chloroformate together with a Lewis acid such as zinc 
chloride or aluminum chloride. The reaction can be run 
with or without solvent. Preferred Vilsmeier reagents 
are phosphoryl chloride, ethyl chloroformate, thionyl 
chloride, and diethyl chlorophosphate. More preferred 
is phosphenyl chloride. 

In the process of the invention bis-(indolyl)ethylenes 
of the following formula are prepared: 

CHZ 

wherein a is 1 or 2, 
wherein b is 1 or 2, 
wherein each A is independently selected from a 

dialkylamino, dialkoxyalkylamino, diaroxyalk 
ylamino, diarylamino, alkylarylamino, dicycloalk 
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radical, 
wherein each B is independently selected from A or 

an alkoxy, alkoxyalkyl or aroxy radical, 
wherein each R is independently selected from hy 

drogen, halogen, alkyl or alkoxy, 
wherein each of R, R5, R6 and R6 are each indepen 

dently selected from hydrogen, alkyl(C1-Cs), alk 
oxyalkyl, aroxyalkyl, cycloalkyl (C3-C6), phenyl, 
and phenyl substituted by alkyl(C1-Cs) or alkoxy 
(C1-C8), 

wherein Z is selected from hydrogen, alkyl(C1-C8), 
alkoxyalkyl, aroxyalkyl, halogen, phenyl or phenyl 
substituted by alkyl or alkoxy, 

the alkyl moieties referred to herein being of one to 
eight carbons, the cycloalkyl moieties referred to 
herein being of three to six carbons. 

With the pyrrolidino, piperidino or morpholino 
groups, the following are preferred: 

(OC) 
Bonding through sites other than the nitrogen aton can 
be accomplished for these groups but yields appear 
reduced. 

Vilsmeier reagents include: 

(a) Diethyl Chlorophosphate (EtO)2POC) 
(b) Phosphoryl Chloride POCl3 
(c) Ethyl Chloroformate EtOCOC 
(d) Oxalyl Chloride (COCl). 
(e) Thionyl Chloride SOCl. 
(f) Phosgene Iminium Chloride ICl2C=N(CH3)2) Cl 
(g) Phenyl Dichlorophosphate PhOPOCl. 

(a) to (c) of the Vilsmeier reagents are preferred. (d) 
to (g) find use with aroxy bearing reactants, but are 
typically too active for alkoxy bearing reactants. 

Lewis Acids are substances that coordinate with an 
electron pair to form a complex. Lewis Acids include 
ZnCl2, BF3 preferably as the etherate, AlCl3 and the 
like. ZnCl2 is preferred herein. 
The principles, preferred embodiments and modes of 

operation of the present invention have been described 
in the foregoing specification. The invention which is 
intended to be protected herein, however, is not to be 
construed as limited to the particular embodiments dis 
closed, since these are to be regarded as illustrative 
rather than restrictive. Variations and changes can be 
made by those skilled in the art without departing from 
the spirit and scope of the invention. Unless otherwise 
indicated, all measurements are on the basis of weight 
and in the metric system. 

EXAMPLE 1 
Condensation of 5-diethylamino-1-ethyl-2-methylindole 
with 3-acetyl-1-ethyl-5-methoxy-2-methylindole using 

Phosphoryl chloride 
(Scheme A, FIG. 1) 

5-Diethylamino-1-ethyl-2-methylindole(1.2 g, 5 
mnoles), 3-acetyl-1-ethyl-5-methoxy-2-methylin 
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dole(1.4g, 6 mmoles) and Phosphoryl chloride(0.8 g., 
5.2 mmoles) in 1,2-dichloroethane(20 ml) was stirred at 
room temperature in a flask equipped with a magnetic 
stirrer and a reflux condenser carrying a drying tube. 
After two hours, the gas chromatographic analysis of 5 
the reaction mixture indicated no reaction, only the 
starting materials were present. Then, the reaction mix 
ture the reaction mixture was refluxed overnight and 
monitored by gas chromatography. The reaction mix 
ture contained a mixture of products: 5-diethylamino-1- 
ethyl-2-methylindole(one of the starting materials), 1 
(5-diethylamino-1-ethyl-2-methylindole-3-yl)-1-(1- 
ethyl-5-methoxy-2-methylindole-3-yl)ethylene (ex 
pected product) and two other unidentified products. 

EXAMPLE 2 

Condensation of 5-diethylamino-1-ethyl-2-methylindole 
with 3-acetyl-1-ethyl-5-methoxy-2-methylindole using 

Phosphoryl chloride and zinc chloride 
Scheme B, FIG. 2) 

5-Diethylamino-1-ethyl-2-methylindole(230 mg, 1 
mmole),3-acetyl-1-ethyl-5-methoxy-2-methylindole(250 
mg, 1.08 mmoles), Phosphoryl chloride(170 mg, 1.1 
mmoles) and zinc chloride(150 mg, 1.1 mmoles) in 1,2- 
dichloroethane(5 ml) was stirred at room temperature 
in a flask equipped with a magnetic stirrer and a reflux 
condenser carrying a drying tube. After two hours, gas 
chromatographic analysis of the reaction mixture indi 
cated no reaction. Then, the reaction mixture was re 
fluxed overnight and monitored by gas chromatogra 
phy. The reaction mixture contained 1-(5-diethylamino 
1-ethyl-2-methylindole-3-yl)-1-(1-ethyl-5-methoxy-2- 
methylindole-3-yl)ethylene as the major product. 
What is claimed is: 
1. A process for producing a bis-(indolyl)ethylene of 

the formula 

R4-a GHz R4-b 

R6 R6 
Aa R5 R5' Bb 

wherein a is 1 or 2, 
wherein b is 1 or 2, 
wherein each A is selected from the group consisting 
of a dialkylamino, dialkoxyalkylamino, diaroxyalk 
ylamino, diarylamino, alkylarylamino, dicycloalk 
ylamino, alkylcycloalkylamino, arylcycloalk 
ylamino, pyrrolidino, piperidino, and morpholino 
radical, 

O 
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6 
wherein each B is selected from the group consisting 

of A, alkoxy, alkoxyalkyl and aroxy radical, 
wherein each R is selected from the group consisting 
of hydrogen, halogen, alkyl, and alkoxy, 

wherein each of R5, R5, R6, and R6 are selected from 
the group consisting of hydrogen, alkyl (C1-C8), 
alkoxyalkyl, aroxyalkyl, cycloalkyl (C3-C6), 
phenyl, and phenyl substituted by alkyl (C1-C8) or 
alkoxy (C1-C8), 

wherein Z is selected from the group consisting of 
hydrogen, alkyl (C1-C8), alkoxyalkyl, aroxyalkyl, 
halogen, phenyl, and phenyl substituted by alkyl or 
alkoxy, 

the alkyl moieties referred to herein being of one to 
eight carbons, the cycloalkyl moieties referred to 
herein being of three to six carbons, 

said method comprises reacting an indole of the for 
mula 

with an acylindole of the formula 

R4-b CH2Z 

no 

N R6' 

Bb s 

in the presence of a Vilsmeier reagent selected 
from the group consisting of phosphoryl chloride, 
phosgene, oxalyl chloride, benzoyl chloride, thio 
nyl chloride, alkanesulfonyl chloride, arenesulfo 
nyl chloride, alkylchloroformate, and arylchloro 
formate, together with a Lewis Acid selected from 
the group consisting of zinc chloride, borontrifluo 
ride, and aluminum chloride. 

2. The process according to claim 1 wherein the 
Vilsmeier reagent is phosphoryl chloride. 

3. The process according to claim 1 wherein the 
Vilsmeier reagent is diethyl chlorophosphate. 

4. The process according to claim 1 wherein the 
Vilsmeier reagent is ethyl chloroformate. 

5. The process according to claim 1 wherein the 
reaction of indole with acylindole is carried out in an 
organic solvent. 

6. The process according to claim 5 wherein the 
solvent is dichloroethane. 

s k 


